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The mvention pertains to an analysis sqpparatus comprising a spectroscopy 
system that includes an exdtation system to emit an excitation beam to a taiget area below a 
sui&ce of an object and the analysis apparatus furttier comprising a monitoring system to 
image the target area. 



Such an analysis apparatus is known fiom the intematicmal application 
WO02/057759. 

The known analysis apparatus employs the monitoring system to monitor the 
10 target region wtdle the target region is excited by the excitation beam. On the basis of an 
image formed of the target region, the excitation beam is accurately aimed at the target 
region. Hence, the scattered radiation is essentially genorated in the target region, so that the 
scattered radiation that is detected includes information that essentially pertains to the 
material composition in tiie target region. In order to image the target area when that target 
1 S area is lo caled under tiie surfice of the object the known system is fitted with a scanning 

confocal optical imaghig system. Noti^, the target area may be a capiOary blood vessel that 
is located under the sur&ce of tiie sddn of a patient to be examined. The known analysis 
qsparatus includes a complex and expensive confocal optical system to image the target area 
and receive scattered radiation from essentially only the target area below the surfoce of the 
20 object 



An object of the invention is to provide an analysis apparatus witii a 
monitoring system to in:iage the target area below the surfoce of the object which is sin^ler 
25 and cheaper to manu&cture. 

This object is achieved by an analysis ^aratus in which according to the 
invention the monitoring system includes 

- aillumination optical system to emit an illumination beam along an illumination 
beam path onto tiie object and 
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- an imaging syst&m to leceive a letuming imaging beam from the target area along an 
imaging beam path, wherdn 

- the iUumination beam path and the imaging beam path subtend an angle. 

The monitoring system illuminates the target aiea by way of effective back- 
illumination. The illumination beam penetrates into the object and is scattered within the 
object so as to cause back-illumination of the target area. Substantially, back-illumination is 
pCTformed by way of multiply scattered difiused and depolarised radiation which is spatially 
quite uniformly distributed. Accordingly, an even back-illumination of the target area is 
achieved. Illumination is permed with (electromagnetic) radiation in flie range between 
ultraviolet radiation, visible light to infrared radiation. Preferably, yellow/green radiation in 
the range of 520 to S 80 nm is employed. Because the target area is mainly illuminated by 
scattered radiation, dark-field imaging is achieved. Because there is hardly any contribution 
to the imaging from the sfpecularly r^ected illumination, the target area is imaged at a high 
contrast. 

For exaniple, such back-illumination is achieved by way of orthogonal 
polarised spectral imaging , which involves a polarised illumination beam and OTiploying a 
polarisation-analyser having its polarisation-axis transverse to the polarisation direction of 
the illimaination beam, i,e. in short to employ crossed-polarisers in the illumination beam and 
the imaging beam respectively. The scattered radiation that has illuminated the tar^ area 
and returns from the target area is collected by the imaging optical system. In this way, 
according to the invention, back-illumination is achieved by means of relatively few siinple 
optical components that need not satisfy veiy accurate specification. Hence, the monitoring 
system of the analj^is apparatus of the invention is simple and inexpensive to manu&cture. 
Because the illumination beam path and the imagmg beam path do not coincide, ess^tially 
the entire numerical aperture of tihe imaging optical system is available for imagttig^ so that 
the effective optical sensitivity of the imaging optical system is imtproved. Also, the 
illumination of the target area is made more efQcient because the illumination beam does not 
need to pass through optical elements of the imaging optical system. Further, as the 
illumination beam path and the imagmg beam path are not coincident, the illumination 
optical system and the imaging optical system can to a large degree be independentiy 
optimised That is, in the analysis apparatus of the invention, the illumination optical system 
and the i ma ging optical system can be independCTifly designed. Also, the imaging optical 
system ojjerates more efBcientiy because the returning scattered radiation that the imaging 
optical system uses to image the target area does not pass throu^ optical elements of the 
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iUumination optical sjrstem. Further, flie analysis apparatus of Hie invention is able to perform 
orthogonal polarised spectral imaging of the target area with a good contrast resolution 
because the crossed-polarisers are placed close to the object to be examined, so that 
uiiintentional depolarisation by optical elements is avoided. 

S The analysis apparatus is further provided with a detection system to receive 

scattered radiation fiom the target area The scattered radiation is generated by excitation of 
the target area by the excitation beam which is produced by the excitation system. For 
example Raman scattering occurs in the target area due to optical excitation. Fteferably, the 
detection system is able to resolve the components of respective wavelength ranges of the 

10 radiation that is scattered fix>m the target area, i.e. to perform a spectroscopic analysis of the 
target area. The relative contributions in these respective wavelength ranges provide usefol 
information about the ccm:90sition of tiiatter in the target ar^ 

The analysis appaiatas of the invention is advantageously employed to 
investigate in vivo blood non-invasively. The, object to be examined is a patient to be 

15 examined and the target area concerns for example a cs^illary blood vessel under the surface 
of the patient's skin. The monitoring system images the c^illary blood vessel in the patients 
upper layer of the skin so that the excitation beam can be accurately directed to the c^^iUary 
blood vessel. Notably, back-illumination is achieved through scattering from the tissue 
structures in the deeper layers of Ifae skin. Because the excitation beam is accurately directed 

20 tothetargetarea,i.e. the auxiliary vessel, scatiering, such as Raman scattering^ is generated 

— -J 

mainly from the capillary blood vessel and hardly in the surrounding, skin tissue. 
Accordingly, the detection system receives essentially only (Raman) scattered radiation from 
the target area and contamination of the spectroscqpic analysis of tiie target area by signals 
from its surrounding is avoided. 
25 It is noted that a monitoring system in which the illununation beam i>ath and 

the imaging beam path subtend an angle is known /Ter^re from the web-site. 
www.olympiis.com^mmer/te fihniqiies /darkfieldAt^ which discloses a reflected dark field 
objective. However, the known reflected dark field objective is arranged to investigate the 
surfece itself of an object to be examined. The cited website does not teach to etsploy the 
30 known reflected dark field objective for imaging stmcture below a sur&ce. 

The invention also relate to a monitoring system for dark-field imagmg of a 
target below the surfoce of tiie object 

The monitoring system according to the invention is provided with a selective 
optical interception system to intercept returning radiation fixnn the region between tiie target 
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and fhe sur&ce. The selective optical interception system achieves that mainly radiation that 
has propagated from behind Ihe target, as sera from the surface of the object, contribute to 
the image of the target Hence, an image having good contrast is formed of the target area. 
These and other aspects of the invention will be further elaborated with 
5 reference to the embodiments defined in the dependent Claims. 

For example the selective optical interception system includes a polariser in 
the illumination beam palfa and an analyser in the imagmg beam palh; the polariser and 
analyser at crossed polarisation orientations. Then essentially only radiation frx>m the target 
area that has undeigone multiple scattering is received by the imagm hiparticular 

10 specularfy reflected radiation from the illumination beam will have preserved its polarisation 
and will be intercepted by the analyser. Radiation lhat has been multiply scattered in the 
object will be depolarised to some extent and will be transmitted by the anatyser. Multiply 
scattered radiation wiU occur nmmly fixxm regioxis below the target a 
surfece of the object, while sfpecularly reflection of the illumination beam occurs mainly at 

15 the suffice of the object and radiation that has undergone only few scatterings and has 

preserved its polarisation arises mainly from the region between the surfice of the object and 
the target area. Hence, the target area is imaged a high contrast 

In another example the selective optical interception system includes an 
aperture stop that intercepts a central portion of the returning imaging beam. This central 

20 portion includes mainly specularly reflected portions and portions having one or very few 
scatterings. Interceptionof the central portion of the returning irnaging beam causra 
contributions to the returning imaging beam fixmi the region between the sur&ce and the 
target area to be suppressed, so that the target area is imaged at hig^ contrast Itisnotedthat 
from the international plication WOOO/27276 it is known to form a ring shq>ed 

25 illumination pattern around the target area within the object to be imaged. Although such a 
ring sk^ed illumination pattem avoids contributions to the imaging beam from the region 
between the sur&ce and the target area, this ring shaped illumination pattem relatively 
inefBdenfly illuminates the target area. 

In an alternative embodiment the illumination beam jmKluces an unfocused 

30 illumination bram. Hence, illumination of the sur&ce and the region between the target area 
and the sur&ce is relatively reduced relative to the illumination of the target area and the 
region below the target area. This unfocussed illumination beam preferably covers a wide 
range around and below the target area so that e£Gcient uniform back-illumination of the 
target area is achieved. 
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In an other raibodiment fhe illmninalion beam and llie letuming imaging beam 
are at an angle and have their respective focus mutually displaced That is the focus position 
of the illumination beam in the object is displaced from the imaging focus that is sharply 
imaged by the imaging system. Because the illumination beam is at an angle relative to Ae 
path of the imaging optical system, sfpecularly reflection from the surfece can hardly or not at 
aU contribute to the imaging beam. Because the focus of the iUumim 
from the focus of tiie itnnging system, directly reflected ligjit from around the target area is 
avoided in the imaging beam. Notably, the focus of the illumination beam is placed outside 
of the region between the target area and the sur&ce of the otgect Accoidingly, the back- 
illuminatioii of taiget area canbe ccmtroUed independently of the acquisition of &e imaging 
beam by the imaging optical system. 

Further accoiding to the invention, the ntKnutoring s^stmi as defined in any 
one of Qaims 1, to 6 are advantageously enq>loyed in an analysis apparatus. The analysis 
apparatus con[q)Tises a spectroscopy system having and excitation system. The excitation 
system produces an excitation beam tiiat is directed towards the target area to cause (optical) 
excitation localised to the target area The monitoring system is employed in the analysis 
apparatus to image the target area so that the excitation can be accurately directed onto the 
target area. Because the monitoring system of the invention as defined in any one of claims 1 
to 6 produces a high contrast image of the target area, notably when the target area is located 
below the sur&ce of the obj ect, the analysis apparatus that comprises tte monitoring system 
of the invention can more accurately direct die excitation beam onto the target area and 
consequentiy spectroscopic data that are essentially origmating form target area can be 
acquired. Very good results are achieved when Ihe anatysis apparatus of the invention is 
enq>loyed to perform Raman spectroscopy in vivo to blood in a c^illary blood vessel located 
below the surfi^ of the sddn of the person to be examined. These and other aspects of tiie 
invention will be elucidated with reference to the embodiments described hereinafter and 
witii reference, to Ihe acconqpanying drawing wherein 

Figure 1 shows a diagrammatic representation of an ^can^le of the analysis 

s^aratus in wMdi the invention is en^loyed; 

Figure 2 shows an enibodiment of the monitoring system of the invention. 
Figure 3 shows an enibodiment of die monitoring system of the invention 

wherem one version die selective optical interception system is enqjloyed an^ 
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Figure 4 shows an embocBment of the monitQriiig system wherein another 
version of the selective optical interception system is employed. 

Figure 1 shows a diagrammatic representation of an example of the analysis 
apparatus in which the invention is employed. The analysis ^aratus of flie example shown 
in Figure 1 is in particular designed for examination of the content of blood in the c^^nllaiy 
blood vessels in the patient's skin. In this plication the patient to be examined is the object 
to be examined and die target area 72 is finmed by Hie oqjillary blood vessel in the patient's 
skin. The analysis i^iparatus comprises the monitoring system 30 and a spectroscopy unit 1. 
The spectroscoi^ unit 1 includes the excitation system which emits the excitation beam (exb) 
and ^ detection S3rstBm 11 to receive scattered radiation finm the target area 72. The 
detection sg^stem 1 1 is able to resolve the con^ponents of respective wavelengtii ranges to 
perform a spectroscopic anal}^is of tiie target area 72. 

Hie monitoring system unages the target area 72. To that end, the monitoring 
system is provided with the illumination optical system 31 which includes a light source 34, a 
polariser 32 and a lens 33. The lig^t source 34 is for exaiaple a lanip, a laser, preferably a 
semiconductor laser or solid-state laser, or a lii^t-emitting diode (LED). Preferably, the light 
source emits green to yellow light having a wavelength in the range S20-580nm where 
notably good contrast of blood vessels witii respect to the surrounding tissue is achieved. The 
polariser 32 polarises tiie light ftom the ligjht source. The lens 33 focuses the polarised light 
in the skin of the patient to be exammed. Withm flie skin tissue, notably in tiie tii^ue layers 
below the capHOaxy blood vessels the polarised ligjht is scattered and becomes depolarised. 
The scattered light back-iUuminates the capillary blood vessels which are closer to the skm 
sur&ce70. 

The skittered lig^t fiom the patient's skin is employed to form an image of tiie 
cqnllary blood vessels by tiie imaging optical system 35. To tiiat end tiie hnaging optical 
system conqnises an objective lens 36, an analyser 37, a CCD-camera 38 and a monitor 39. 
The li^t that returns ftom the patient's skin is collected by the objective lens 36, which 
forms the retumiag light beam (rib). The optical axis of the imaging optical system, in 
particular the optical axis of the objective lens is orientated at an an^e to the optical axis of 
the illumination optical system, notably flie optical axis of the lens 33. Ihe analyser 37 is 
orientated such that its polarisation axis is in the crossed orientation with respect tiie 
polarisation axis of the polariser 32 in tiie iUumination optical system 31. Accordingly, 
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essentially only light that lias become depolarised to a substantial degree in tbie deqper layers 
of the patient's skin is passed through the analyser 37 and is eoq)loyed to fimn the in^ge of 
the cs^nllary blood vessels. The image is acquired by tiie CCD-camera 38 which derives an 
electronic image signal fix)m the acquired image. The signal levels of the electronic image 
signal represent the brightness values of the image of the c^illaiy bloodvessels. The CCD- 
camera 38 applies the electconic image signal to the monitor to display the image of the 
cainllary blood vessels or to an image proc^sing system such as a PC fin: automatic blood 
vessel detection^ 

The excitation ^stem 1 includes a laser system 11 to emit tiie excitation beam. 
For example, a diode laser is used which eooits the excitation beam (exb) having a 
wavelength in a range around 785mn. The excitation beam is reflected at the hig^i pass filter 
HPF and directed towards the objective via the nadmns M2 ,M3 and dichioic mirror ftr. The 
inelastically scattered Raman light is transmitted through the high pass filter HPF and 
directed towards the detection system 11. 

Figure 2 shows an embodiment of the monitoring system of the invention. The 
imaging optical systCTi of the monitoring system of Figure 2 is similar to the monitoring 
system of the analysis ^aratus shown in Figure 1. The illumination system corapnses an 
optical fibre 40 which directs the illumination beam ftom the lens 33 to Ihe patient's skin. 
Because tiie optical fibre 40 is flexible, this allows easy direction of the illumination beam 
towards the patients skin. In particular, it is easy to displace Ihe focus of the illumination 
beam ftom tiie focus of tiie imagmg optical system. The direction of the illnmination beam 
when it exits tiie optical fibre 40 makes an angle to tiie optical axis of the imaging optical 
system. Alternatively it is possible to place a lens in fi»nt of tiie filwe to produce a focus. 

Figure 3 shows an embodiment of the monitoring system of the invaotion 
wherein one version the selective optical interception system is enqiloyed. The selective 
optical interception system shown in Figure 3 includes tiie polariser 32 in the iUumination 
beam (ib) and the analj^er 37 is placed in,the returning imaging beam (rib). Additional^, the 
selective optical interception system is provided with ring-shaped aperture stop. In flie insert 
a cross section 61 is shown of flie imagmg beam transmitted to the CCD-camera. The 
polariser 32 and analyser 37 are at so-called crossed orientations. Hence, onty the 
contribution to the returning imaging beam that arises ftom multiple depolarising scatterings 
around tiie target area 72 below tiie surfece 70 of tiie object are passed throu^ tiie analyser 
to the CCD-camera 38. A polarising beam splitter 42 is eirqiloyed to pass tiie polarised 
ilhmiiiiation beam towards tiie olqective lens 36 to illuminate tiie target area 72. The 
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polansing beam splitter reflects the letumiiig imaging beam towards the CCD-cameta 38. An 
imaging lens is used to focus the letuming imaging beam onto the CCD-sensor of the CCD- 
camera 38. Further, the ssp&tme stop suppresses retoiming radiation fix>m the sur&ce 70 of 
the object and from the region 72 between the surfece 70 and the target area 71. 
5 Figure 4 shows an embodiment of the monitoring system wherein another 

version of the selective optical interception system is employed. Here the selective optical 
interception system includes a mirror 52 having a hole in its centre and an qierture stop 51 
having an opening in the centre as well as a ring sh^>ed opening in die perqiihery. In the 
insert a cross section 62 is shown of the Imagitig beam transmitted to the CCD-camera. 

10 Preferably, the aperture stop has crossed polarisers for iUuminating and imagwg ladiation, 
that is in the central opening 621 and the peripheral opening 622 polarisers at crossed 
polarisation orientation are provided. Hence, the central opening 621 transmits and polarises 
the iUumination beam and the peripheral opening 622 suppresses specularly reflected 
radiation fbat has preserved its polarisation and multq>ly scattered radiation of the returning 

15 imagmg beam is passed fluous^lhe peripheral opening. Further, Ihe mirror 52 only passes 
the peripheral portion to the CCD-camera 38 of the returning imaging beam that concerns 
multiply scattered radiation. Hence, the aperture stop 51 and the mirror 52 effectively 
suppress radiation returning fix>m the sur&ce 70 and the region 71 between the target area 72 
and Ihe sur&ce 70. 
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CLAIMS: 



1 ^ A momtoiing system for dark-field imaging of a target area below a sur&ce of 

an object, the monitoring system including 

- an illumination optical system (31) to emit an iUuminati^^ 
illumination beam path onto the object and 

- an ttnaging system (35) to receive a returning imaging beam fix)m the target area 
along an imaging beam path, wherein 

• the imflgitig system includes a selective optical interception system (32,37,51,52) to 
intercept a returning illumination beam firom the region between the sur&ce and the 
target area. 

2. A monitoring q^stem as claimed in Claim 1, wherein 

. the illumination system is arranged to produce the illumination beam as apolarised 
illumination beam and 

- the selective optical interception system includes a polarisation-analyser having its 
axis crossed relative to the polarisation axis of the polarised illummation beam. 

3^ A monitoring system as claimed in Claim 1, wherein the selective optical 

interception system includes an aperture stop lhat essentially intercepts a central portion of 
the returning imagmg beam. 

4. A monitoring system for dark-field imagmg of a target area below a surfece of 

an object, the monitoring system including 

- an illummation optical system to emit an illumination beam along an illumination 
beam path onto the object and 

- an ima^g system to receive a returning imaging beam fixan the target area along an 
imaging beam path, wherein 

- the illumination optical syst^ produces an unfbcussed illumination beam. 
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5. A momtoimg system for dark-field inmging of a 
an object, fhe monitoring system including 

- an illunsination optical system to emit an illumination beam along an illumination 
beam path onto the object and 

5 - an imaging system to receive a returning imaging beam fiom the targ^ area along an 
imaging beam path, wherein 

- the illumination beam path and the imaging beam path subtend an angle and 

- the illumination optical system has an illumination focus, 

- the imaging ssy stem has an imaging fi)cus and 

10 - the illumination focus being displaced fix>m the imaging focus. 

6. An analysis qyparatus con^nising 

- a spectroscopy system that includes 

- aii excitation system (1) to emit an ^citation beam to a taiget area below a 
15 sur&ce of an object and 

- the analysis apparatus fiirfher comprising a monitoring system (3 1,35) to image the 
target area, the monitoring system including 

- a illumination optical system (3 1) to emit an illumination beam along an 
illumination beam path onto the object and 

2® - imaging system (35) to receive a returning imaging beam fix)m the target area 

along an imaging beam path, wherein 

- the illumination beam path and the imaging beam path subtend an angle. 

An analysis apparatus comprising a spectroscopy system that includes 
25 - an excitation system to emit an excitation beam to a target area below a sur&ce of an 
object and 

- the analysis apparatus forther con:q>rising a monitoring system as claimed in any one 
of Claims 1 to 5. 
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ABSTRACT: 



A maniloiiDg system for dadc-fidd imaging of a target area below a sur&ce of 
an object The object is iUuminated by iUnmination optical system (31) and is imaged by an 
imaging system (35). The imaging system includes a selective optical interception system 
(32,37,5 1 ,52) to siq>press returning illuicdnation beam firom the region between the surfiace 
and the target area so as to improve contrast. In particular the monitoring system is enaployed 
in combination with a spectroscopic analysis cqpparatus. 



Fig. 3 
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